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February 14, 1981 Butylated hydroxytoluene (BHT), a com monly used food antioxidant, induces hypo prothrombinemia and a resultant hemor rhagic death in male rats (1 ) , and these adverse effects of BHT are prevented by the administration of vitamin K (2, 3). Takahashi and Hiraga indicated that the structural characteristics of BHT were to a greater extent responsible for the hemorrhagic effect than were the antioxidant properties, by comparing the hemorrhage-inducing ability of various compounds (4, 5) . Considering the species, strain and sex differences in the hemorrhage-inducing effect of BHT, this phenomenon may be related to the metabolism of this compound (6).
In the present investigation we examined the ability of various substituted phenols and hydro quinones to induce hepatic microsomal monooxygenases , and discussed the relation ship to hemorrhagic phenomenon. Butylated hydroxytoluene (2,6-di-tert butyl-4-methyl phenol, BHT), ethoxyquin
(1,2-dihydro-6-ethoxy-2,2,4-trimethyl quinone, EQ), tert-butylhydroquinone (BHQ), 2,4-di-tert-butylphenol (2,4-DBP), 2-tert butyl-4-sec-butylphenol (BBP) and 4-tert butyl 2,6-diisopropylphenol (BDPP) were purchased from Tokyo Kasei Kogyo Co., 2,4,6-tri-tert-butylphenol (TBP) and 3,5-di tert-butylphenol (3,5-DBP) were from Aldrich Chemical Co., and 2,5-di-tert-butylhydro quinone (DBHQ) from Wako Pure Chemical Industries Ltd.
Five week-old, Wistar-JCL female rats (obtained from CLEA Japan Inc.) were fed either commercial stock ration (powdered CLEA CE-2) alone or the same ration containing the above-described chemicals, at a concentration of 0.5% for 6 days. After maintenance on the stock ration for the following 24 hr, the animals were decapitated. All other materials and techniques were the same as previously described (7, 8 . Phen obarbital (PB), which was given to rats at a concentration of 0.1% in drinking water, caused a 4-fold increase in cytochrome P-450 content and a 6-fold increase in the enzymatic activities (data not shown). Thus, we estimate that the inducibility of TBP and BDPP is not at all inferior to that of PB. All the compounds examined changed neither the Soret peak wave length of the CO binding difference spectrum (499 nm) nor the 455 nm/430 nm peak height ratio of the ethyl-isocyanide difference spectrum (0.45 0.57). (well 1 ) enlarged the 53,000 molecular weight peptide band and elicited the appearance of a 56,000 molecular weight peptide band. The above-mentioned 47,000, 53,000 and 56,000 molecular weight polypeptide bands seem to correspond to cytochromes P-4503, P 450b and P-450, respectively, which were purified by Ryan et al. (10), as assessed from the position on the electrophrogram.
TBP and BDPP administration remarkably enlarged PB-inducible three polypeptide bands (wells 4 and 12). A similar change /\/as produced by DBHQ, but to a lesser extent (well 9). BHT and EQ conspicuously enlarged 47,000 molecular weight peptide band, and to a lesser extent 53,000 and 50,000 molecular weight bands (wells 5 and 6). A similar but a less marked change was produced by 2,4-DBP and BBP (wells 10 and 11). TBP, which was the most potent inducer of cytochrome P-450, also increased several other microsomal polypeptides in the range between 58,000 and 62,000 molecular weight.
None of the test compounds in creased PCDF-inducible 56,000 molecular weight polypeptide.
Using two dimensional electrophoresis of microsomes from BHT given rats (first dimension: Thomas et al. (11); second dimension: Laemmli (12)), we have confirmed that heme-containing poly peptides exist in a broad area between molecular weight 47,000 and 53,000, parti cularly in the neighborhood of 47,000
(unpublished data). Electrophoresis was carried out with 0.1% SDS-10% acrylamide slab gel, according to the method of Laemmli (12) and Coomassie brilliant blue stain was used. Each microsorna! preparation (40 'g of protein) from rats given various test compounds was treated with mercaptoethanol and SDS before addition to each well in the gel. Treat ments were as follows: well 1, polychlorinated dibenzofurans (a single i.p. administration of 500 ug/kg); well 2, phenobarbital (0.1% in drinking water for 6 days); wells 3-6, none, TBP, BHT and EQ; well 7, a standard protein mixture (bovine serum albumin, MW 68,000; catalase, MW 60,000; glutamate dehydrogenase, MW 53,000: ovoalbumin, MW 43,000); wells 8-12, none, DBHQ, 2,4-DBP, BBP and BDPP. a, b and c indicate 53,000, 50,000 and 47,000 molecular weight polypeptides, which were the main inducible peptides in this experiment.
Kahl and Wulff (13) observed a marked increase in a band with the molecular weight between 42,000 and 45,000 in BHT-given rats, and assigned it to epoxide hydratase. This molecular weight is considerably smaller than weights reported by other investigators (14-16) (about 50,000). This band seems to be identical with our 47,000 polypeptide band.
Considering that heme-containing peptide(s) exists in this position in a con siderable amount as above described, the existence of cytochrome P-450 seems to be undeniable, even if this band also contains epoxide hydratase.
Takahashi and Hiraga (4, 5) compared the hemorrhage-inducing ability of various sub stituted phenols, and found that among them only TBP, BDPP and to a lesser extent BHT caused a hemorrhagic death in male rats. In the present experiment, we have shown that these compounds also induce hepatic microsomal monooxygenases extremely (TBP and BDPP) or moderately (BHT). Thus, through an unknown mechanism, the hemorrhage-inducing process may be related to the monooxygenase inducing process.
However, as shown in our previous report (7), the 47,000 molecular weight polypeptide (perhaps cytochrome P-450a named by Ryan et al. (10)) is only induced in the rat, i. e. a hemorrhage-inducible species (6), but not in the mouse, i.e. a hemorrhage-non inducible species (6). Thus, in the case of BHT, it may be inferred that the metabolite(s)
formed by a particular type of monooxygenase (cytochrome P-450x) cause(s) a hemorrhage.
In conclusion, two kinds of substituted phenols, TBP and BDPP, the structures of which markedly differ from PB, were potent PB type inducers of microsomal mono oxygenases in spectral, catalytic and electro phoretic properties.
However, in spite of the similarity in the structure, BHT showed some differences in the electrophorogram from these compounds.
